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(54) Process for preparing 2-(1 -hydroxyalkyl) cyclohexanone and/or 2-ailcylidene cyclohexanone 

(57) In a process for preparing a 2-(1-hydroxyalkyl)cyclohexanone and/or a 2-alkylidene cyclohexanone, the reaction 
of cyclohexanone with an aliphatic aldehyde is conducted in a heterogeneous system of an oil-in-water emulsion, 
whereby it is possible to obtain the 2-(1-hydroxyallcyl)cyclohexanone and/or the 2-alkylidene cyclohexanone in high 
selectivity. 
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SPECIFICATION 

^ Process for preparing 2-(1-hydroxYalkyl)eyclohexanone and/or 2-alkylidene cyclohexanone 

5 The present invention relates to a process for preparing a 2-(1-hydroxyalkyl)cyclohexanone (hereinafter 5 
sometimes referred to simply as " hyd roxya I kyl -cyclohexanone") and/or a 2-alkyndene cyclohexanone 
(hereinafter sometimes referred to simply as "alkylidene cyclohexanone"). More particularly, the present 
invention relatesto a process for preparing a hydroxyalkyi cyclohexanone and/or an alkylidene 
cyclohexanone in good yield by controlling the formation of by-products by conducting the reaction of 
10 cyclohexanone with an aliphatic aldehyde under a certain specific condition. 10 
The hydroxyalkyi cyclohexanone and the alkylidene cyclohexanone are useful as intermediates in the field 
of organic chemistry. For instance, 2-(1-hydroxy-isobYtyl) cyclohexanone and 2-isobutylidene cyclohex- 
anone are useful as starting materials for the production of 2,3-dihydro-2,2-dimethyl-7-hydroxybenzofuran 
which is important as in intermediate for 2,3-dihydro-2,2-dimethyl-7-benzofuranyl methycarbamate which is 
15 an insecticidal agent having a wide spectrum and being known by the common name of carbofuran 15 
(published European Patent Application No. 90976). 

IHeretof ore, various processes have been proposed for the preparation of a 2-(1- 
hydroxyalkyDcyclohexanone and/or a 2-alkylidene cyclohexanone. For instance, the following reactions 
have been known for the preparation of the2-(1-hydroxyalkyl)cyclohexanone. 
(i) MUKAIYAMA et aL, J. Am. Chem. Soc. 96, 7503 (1974) 20 



20 



OSiCCCB^)^ O ^ 

6TiCl4 
4- (CH3)2CHCHO -^5Sc-»Ljr 



(ii) NOZAKI et aL, Bull. Chem. Soc. Jap. 55, 3301 (1980) 
25 9 



JL^Br (C H5)2A1C1-Zn. CuBr ^AJX 



55 



60 



^CHCHO 

where and are as defined above, in the presence of an alkali, in a heterogeneous system of an 
oil-in-water emulsion obtained by mixing water with cyclohexanone and an aliphatic aldehyde so that said 
emulsion comprises 1 part by weight of an organic phase composed essentially of the cyclohexanone and 
the aliphatic aldehyde and from 0.5 to 20 parts by weight of an aqueous phase containing the alkali. 



25 



\^ + (CH3)2CHCHO = i^jp^ 

However, these reactions are not practically very useful since they require special reagents, or they are 
conducted at an extremely low temperature. 

30 Further, Chem.ca! Abstracts 57, 1 1 042e discloses a process for preparing 2-isobutyltdene cyclohexanone 30 
by subjecting cyclohexanone and isobutyl aldehyde to aldol condensation and dehydration in the presence 
of an alkali in a homogeneous reaction system using an alcohol as the solvent. However, this process has a 
drawback that the yield is as low as 41%. 
Thus, no process which has been proposed is fully satisfactory. 

35 Under the circumstances, the present inventors have conducted extensive researches for the preparation 35 
of the 2-<1 -hydroxyalkyi )cyclohexanone and/or the 2-alkylidene cyclohexanone, and have found it possible to 
remarkably improve the selectivity for the desired product and to suppress the formation of highly 
condensed products as by-products by conducting the aldol condensation of cyclohexanone and an aliphatic 
aldehyde and/orthe dehydration reaction of the resultant hydroxyalkyi cyclohexanone in a heterogeneous 

40 system of an oil-in-water emulsion. ^ 
Thus, the present invention provides a process for preparing a 2-<1 -hydroxyalkyi )cyclohexanone 
represented by the formula: 

where each of and R^ which may be the same or different, is a hydrogen atom or an alkyi group having 1 
or 2 carbon atoms, or a 2-alkylidene cyclohexanone represented by the formula: 

TAKE IN HERE (4) o CH^-^J 

50 (ir* ^"'^ 

where and R^ are as defined above, which comprises reacting cyclohexanone with an aliphatic aldehyde 
represented by the formula: 



55 



60 
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Now, the present invention will be described in detail with reference to the preferred embodinnents. 
The reaction of the present invention, i.e. the reaction wherein the aliphatic aldehyde of the formula I is 
. added to cyctohexanone to form the 2-(1 -hydroxyalkyi) cyciohexanone of the formula II, is so-called aldol 

condensation. Therefore, we call the reaction "condensation or condensation reaction" in the specification, 
5 although addition reaction is correct. g 
As specific examplesof the aliphatic aldehyde of the formula I as the starting material for the process of 
the present invention, there may be mentioned acetoaldehyde, propionaldehyde, n-butyl aldehyde, isobutyt 
aldehyde and 2-ethylbutyl aldehyde. Isobutyl aldehyde and n-butyl aldehyde are particularly preferred. 
On the other hand, the hydroxyalkyi cyciohexanone of the formula II and/or the alkylidene cyciohexanone 
^0 of the formula ill obtained by the present invention includes various compounds depending upon the iq 
starting material aliphatic aldehyde of the formula (. As specific examples of the hydroxyalkyi cyciohex- 
anone, there may be mentioned 2-(1-hydroxyethy!)cycloexanone, 2-{1-hydroxypropyl)cyclohexanone, 
2-{l -hydroxy butyl) cyciohexanone, 2-(l-hydroxyisobutyl)cyclohexanone and 2-{1-hydroxy-2- 
ethytbutyOcyclohexanone. Particularly preferred are 2-{1-hydroxybutyl)cyclohexanone and 2-(1- 
15 hydroxylsobutyDcyclohexanone. 15 
As specific examples of the alkylidene cyciohexanone, there may be mentioned 2-ethylidene cyciohex- 
anone, 2-propylldene cyciohexanone, 2-butylldene cyciohexanone, 2-isobutylldene cyciohexanone and 
2-(2-ethylbutylldene) cyciohexanone. Particularly preferred are 2-butylidene cyciohexanone and 2- 
Isobutylldene cyciohexanone. 
20 The molar ratio of the aliphatic aldehyde to cyciohexanone in the condensation reaction of the present 
invention is 0.05 -0.8:1, preferably 0.1 -0.7:1, more preferably 0.2 -0.6:1. The reaction can of course be 
conducted outside these ranges. However, if the molar ratio of the aliphatic aldehyde to the cyciohexanone 
becomes big, by-products such as 2,6-bis(1-hydroxyalkyl)cyclohexanone and/or 2,6-dialkylidene cyciohex- 
anone Increase and the selectivity for the desired product lowers, such being undesirable. The mixture of 
25 cyciohexanone and the aliphatic aldehyde constitutes an organic phase, whereby an excess amount of 25 
cyciohexanone serves as a solvent, and accordingly no special organic solvent Is required for the 
condensation reaction. 

In the condensation and dehydration reactions of the present invention, an aqueous phase containing an 
alkali is present in the reaction systen so that the reaction system becomes to be an emulsion, and the 

30 reaction is conducted in a heterogeneous system. 30 
As the alkali serving as a catalyst, hydroxide, carbonate or bicarbonate of an alkali metal can effectively be 
used. It is also possible to use an alkaline earth metal hydroxide. Particularly preferred is an alkali metal 
hydroxide. It is usual to use the alkali in an amount of from 0.1 to 10 mols relative to 1 mol of the aliphatc 
aldehyde. The alkali concentration in the aqueous phase Is usually from 1 to 10% by weight, preferably from 

35 2 to 7% by weight. 35 
In the present invention, the weight ratio of the aqueous phase to the organic phase is referred to as the 
aqueous phase ratio. When the aqueous phase ratio is from 0.5 to 20, the reaction system usually becomes 
to be an oii-in-watertype emulsion, and it is thereby possible to conduct the heterogeneous reaction of the 
present invention. The aqueous phase ratio is preferably from 1 to 10, more preferably from 2 to 8. The 

40 bigger the aqueous phase ratio is, the bigger the reaction velocities of the condensation and dehydration 40 
reactions become, and accordingly the better the selectivity for the desired product becomes. The reason for 
the increase of the reaction velocities when the aqueous phase ratio is made big. Is considered to be as 
follows. 

Namely, the reaction of the present Invention is a reaction In a heterogenous system comprising an 
45 aqueous phase and the organic phase, and accordingly as water increases, the reaction system tends to be 45 
an oil-in-watertype emulsion, whereby the contact surface area at the interface increases, and the reaction 
velocities become high. 

However, if the aqueous phase ratio is too big, it will be difficult to separate the liquid layer from the 
aqueous layer to isolate the desired product after the reaction, or the desired product tends to be dissolved in 

50 the aqueous phase, such being undesirable. On the other hand, if the aqueous phase ratio Is too small, the 50 
reaction system becomes to be a water-in-oil type emulsion, whereby the yield of the desired product 
lowers, such being undesirable. In the heterogeneous system reaction of the present invention, the yield of 
the desired product is believed to be delicately affected by the partition coefficients of e.g. the starting 
material aldehyde, the desired product and the by-products to the organic and aqueous phases of the 

55 reaction system. 55 
The reaction temperature is selected within a range of not higher than 150X. If the reaction is conducted at 
a relatively low temperature, the hydroxyalkyi cyciohexanone Is obtained by the condensation of 
cyciohexanone with the aliphatic aldehyde, while If the reaction is conducted at a relatively high 
temperature, the condensation and the dehydration take place in a single step, whereby the alkylidene 

QO cyciohexanone is obtained. In order to obtain the hydroxyalkyi cyciohexanone as the major component 50 
product, the reaction temperature is usually less than SOX, preferably from 0 to less than SOX, more 
preferably from 5 to 40X. If the reaction temperature is too low, the reaction rate will be too slow to be 
practically useful. 
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On the other hand, in order to obtain the alkytidene cyclohexanone as the nnajor component product by the 
single step of condensation and dehydration, the reaction temperature is usually from 50 to 150X, 
preferably from 70 to 1 00°C, more preferably from 75 to 96°C (i.e. the azeotropic boiling point of a mixture of 

' water and cyclohexanone). The higher the temperature, the higher the reaction rate. However, as the 
5 temperature rises, the amount of the by-products such as a 2,6-dialkytidene cyclohexanone, tends to 5 
increase. Further, if the aqueous phase ratio is too big at the high temperature, the amount of the by-product 
i.e. the 2,6-dialkylidene cyclohexanone increases. Accordingly, in the heterogeneous system reaction of the 
present invention, it is necessary to select a proper reaction condition taking into consideration of the overall 
effects of the reaction temperature and the aqueous phase ratio. 

10 The reaction time is optionally determined taking into accounts the molar ratio of the aliphatic aldehyde to 10 
cyclohexanone, the aqueous phase ratio, the alkali concentration and the reaction temperature and 
depending upon the desired product. The reaction time is usually from 30 minutes to 6 hours. In the case 
where only the condensation reaction is to be conducted at a relatively low temperature, the reaction time is 
preferably adjusted within a range of from 1 to 5 hours. Whereas, in the case where the condensation and 

15 dehydration are conducted in a single step at a relatively high temperature, it is industrially preferred to 15 
adjust the reaction temperature within a range of from 1 to 3 hours. 

The reaction of the present invention is a heterogeneous system reaction, and accordingly in order to 
increase the reaction rate, it Is Important to increase the contact surface area. Inadequate agitation where the 
organic layer and the aqueous layer are present independently, i.e. the state where the aqueous layer and 

20 the organic layer are separated each other, is not desirable. Accordingly, it is necessary to conduct adequate 20 
agitation so that the entire reaction system becomes to be a uniform oil-in-water type emulsion. 

After the reaction, the desired product is recovered in accordance with a conventional chemical technique. 
For instance, the reaction mixture is left to form two layers of water phase and organic phase, whereupon the 
organic layer is separated from the aqueous layer, and the desired product is recovered from the organic 

25 layer. The temperature for the separation is at a level of the above-mentioned reaction temperature. Prior to 25 
the separation of the organic layer and the aqueous layer, the reaction mixture may be neutralized by an 
addition of an inorganic acid such as hydrochloric acid, and an organic acid such as acetic acid, critic acid, 
tartaric acid, phthalic acid or oxalic acid. However, in such a case, the aqueous layer after the neutralization is 
disposed, and the desired product is recovered from the organic layer by distillation. 

30 On the other hand, v hen the neutralization is conducted after the separation, only the organic phase may 30 
be neutralized by an optional acid, preferably acetic acid, citric acid, tartaric acid, phthalic acid or oxalic acid, 
by which the control of the pH can readily be conducted. In this case, the aqueous layer may be disposed, or 
may be reused by recycling it as the aqueous phase source for the heterogeneous system reaction. Such 
recycling is Industrially advantageous. 

35 The organic phase after the neutralization contains a hydroxyalkyi cyclohexanone and/or an alkylidene 35 
cyclohexanone, unreacted cyclohexanone, high boiling by-products such as 2,6-bis(1-hydroxyalkyl)- 
cyclohexanone and/or 2,6-dialkylidene cyclohexanone, depending upon the reaction temperature, as well as 
from 4 to 5% of water. Such an organic phase is first subjected to distillation to recover cyclohexanone, and 
then the residual mixture is subjected to rectification, whereby the desired product is separated from the 

40 high boiling by-products and recovered. 40 
The distillation is conducted under atmospheric pressure or reduced pressure, preferably under reduced 
pressure of from 1 to 100 mmHg. Water contained in the organic phase is azeotropically distilled together 
with cyclohexanone, and the recovered cyclohexanone can be supplied as it is to the reaction of the present 
invention. By the above distillation operation, cyclohexanone, the hydroxyalkyi cyclohexanone, the 

45 alkyf idene cyclohexanone and the high boiling by-products can be separated relatively easily, whereby the 45 
desired product having a purity of at least 98% can be obtained. 

According to the present invention, by the heterogeneous system reaction employing an aqueous alkali 
solution, it is not required to use special organic solvents or special reactants, and it is possible to obtain the 
desired product in a simple operation and in good selectivity. Further, by properly selecting the water phase 

50 ratio, the molar ratio of the aliphatic aldehyde to cyclohexanone, the reaction temperature and the like, it is 50 
possible to attain the selectivity for the desired product as high as 80%, more than 90% as the case may be, 
based on the aliphatic aldehyde and/or cyclohexanone. 

Further, the reaction rate of the aliphatic aldehyde is high, whereby the recovery step for the aliphatic 
aldehyde can be omitted. Namely, It is possible to obtain the hydroxyalkyi cyclohexanone and/or alkylidene 

55 cyclohexanone industrially advantageously, simply by recovering and recycling cyclohexanone which is 55 
used in an excess amount 

Now, the present invention will be described in further detail with reference to Examples. However, it 
should be understood that the present invention is by no means restricted to these specific Examples. 
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Example 1 

Into a 1 liter separable flask equipped with a jacket and provided with a stirrer, a reflux condenser, a 
. themnonneter and a dropping funnel, 767 ml of an aqueous sodium hydroxide solution having a 

concentration of 2.5% by weight was fed. The internal temperature was raised to and 192 g of a mixture 
5 of isobutyl aldehyde (hereinafter referred to simply as "CHN") OBD/CHN molar ratio: 0.3) was fed into the 5 
flask in a short period of time, and this was taken as the initiation point of the reaction. After the reaction was 
continued for 1 hour under adequate stirring, the reaction mixture was permitted to stand and the organic 
layer was separated from the aqueous layer. The organic phase and the aqueous phase were analyzed, 
respectively. The results are shown in Table 1. 
10 "^-^6 aniayses were conducted as follows: 10 

Organic phase 

An amount of the organic phase within a range of from 0.2 to 0.25 g was accurately weighed and put into a 
10 ml measuring flask, and an ethanol solution containing 40 mg of n-heptanol as an internal standard 
15 substance was added. Then, a few small pieces of dry ice were added for neutralization. Then, ethanol was 15 
added to bring the total volume to 10 mi. 

Aqueous phase 

About 20 g of the aqueous phase was accurately weighed and put into a 25 ml measuring flask, and an 
20 ethanol solution containing 40 mg of n-heptanol as an internal standard substance was added. Then, dilute 20 
hydrochloric acid was added to adjust the pH to 7, and the total volume was adjusted to 25 ml. 

Analysis 

The organic phase and the aqueous phase prepared by the above-mentioned procedure were respectively 
25 analyzed by gas chromatography under the following conditions. 25 



Column: 

Column temperature 
Detector temperature 
30 Carrier gas 

Hydrogen 
Air 



PEG 20M (10%) 
50 - 200*=C4X/min 
250X 

80 ml/min-N2 30 
0.6 kg/cm^G 
1.0 kg/cm^G 



In Table 1, BCHN represents 2-isobutyiidene cyclohexanone, and DBCHN represents 2,6-diisobutylidene 
35 cyclohexanone. 35 

Examples 2 to 10 

The reaction was conducted in the same manner as in Example 1 except that the conditions such as the 
aldehyde/CHN molar ratio, the aqueous phase ratio (weight ratio), the concentration of the aqueous alkali 
40 solution (% by weight), the temperature and/or the reaction time were replaced by the conditions described 40 
in Table 1. The results thereby obtained are shown in Table 1 . 

Example 1 1 

The reaction was conducted in the same manner as in Example 2 except that n-butyi aldehyde was used 
45 instead of isobutyl aldehyde. The results are shown in Table 1 . However, in Table 1 , so far as Example 1 1 Is 45 
concerned, BCHN represents 2-n-butylidene cyclohexanone, and DBCHN represents 2,6-di-n-butylidene 
cyclohexanone. 

Comparative Example 1 

50 The reaction was conducted in the same manner as in Example 2 except that the aqueous phase ratio was 50 
changed to 0.2 i.e. outside the range of the present invention. The results are shown in Table 1, and the 
selectivity for 2-isobutylidene cyclohexanone was as low as less than 50%. 
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Example 12 

Into a 1 liter separable flask equipped with a jacket and provided with a stirrer, a reflux condenser, a 
thermometer and a dropping funnel, 767 ml of an aqueous sodium hydroxide solution having a 
concentration of 2.5% by weight was fed. The internal temperature was maintained at 40''C, and 1 92 g of a 
5 mixture of isobutyl aldehyde and cyclohexanone (IBD/CHN molar ratio: 0.3) was fed into the flask in a short 5 
period of time and this was taken as the initiation point of the reaction. After the reaction was continued for 1 
hour under adequate stirring, the reaction mixture was permitted to stand and the organic layer was 
separated from the aqueous fayer. The organic phase and the aqueous phase were respectively analyzed to 
obtain the results shown in Table 2. The analyses were conducted in the same manner as in Example 1 . 
10 In Table 2, HBCHN represents 2-{1 -hydroxyisobutyl) cyclohexanone, and BCHN represents 2-isobutyWdene 
cyclohexanone. 
Examples 13 to 16 

The reactions were conducted in the same manner as in Example 12 except that the conditions such as the 
aldehyde/CHN molar ratio, the aqueous phase ratio (weight ratio), the temperature and/or the reaction time 
15 were replaced by the conditions described in Table 2. The results are shown in Table 2. 15 

Example 17 

The reaction was conducted in the same manner as in Example 12 except that n-butyl aldehyde was used 
instead of isobutyl aldehyde, and the reaction temperature was adjusted to 30*'C. The results are shown in 
20 Table 2. However, in Table 2, so far as Example 17 is concerned, HBCHN represents 2-(1-hydroxy-n-butyl) 20 
cyclohexanone, and BCHN represents 2-n-butylidene cyclohexanone. 
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CLAIMS 

1. A process for preparing a 2-(1-hydroxyalkyl)cyclohexanone represented by the formula: 
5 TAKE IN HERE (5) 5 

where each of and R^, which may be the same or different, is a hydrogen atom or an alkyi group having 1 
or 2 carbon atoms, or a 2-allcyndene cyclohexanone represented by the formula: 

10 TAKE IN HERE (6) 10 

where R^ and are as defined above, which comprises reacting cyclohexanone with an aliphatic aldehyde 
represented by the formula : 

15 ^ 15 

R^^ 



iCHCHO (I) 
?/ 

20 where R^ and R^ are as defined above, in the presence of an alkali, in a heterogeneous system of an 20 
oil-in-water emulsion obtained by mixing water with cyclohexanone and an aliphatic aldehyde so that said 
emulsion comprises 1 part by weight of an organic phase composed essentially of the cyclohexanone and 
the aliphatic aldehyde and from 0.5 to 20 parts by weight of an aqueous phase containing the alkali. 

2. The process according to Claim 1 , wherein the 2-(1-hydroxyaikyl)cyclohexanone of the formula II is 

25 prepared by reacting cyclohexanone and the aliphatic aldehyde of the formula I at a temperature lowerthan 25 
50°C. 

3. The process according to Claim 1, wherein the 2-alkylidene cyclohexanone of the formula III Is 
prepared by reacting cyclohexanone with the aliphatic aldehyde of the formula I at a temperature of from 50 
to150°C. 

30 4. The process according to Claim 2, wherein the reaction temperature is from 0 to lower than 50°C. 30 

5. The process according to Claim 3, wherein the reaction temperature is from 70 to 1 00°C. 

6. The process according to Claim 1 , wherein the aliphatic aldehyde is isobutyl aldehyde or n-butyl 
aldehyde. 

7. The process according to Claim 1 , wherein the aliphatic aldehyde is isobutyl aldehyde. 

35 8. The process according to Claim 1 , wherein from 0.05 to 0.8 mol of the aliphatic aldehyde is used 35 
relative to 1 mol of cyclohexanone. 

9. The process according to Claim 1, wherein from 0.1 to 10 mols of the alkali is present relative to 1 mol 
of the aliphatic aldehyde. 

10. The process according to Claim 1, wherein from 1 to 10 parts by weight of the aqueous phase is 

40 present relative to 1 part by weight of the organic phase. 40 

1 1 . The process according to Claim 1 , wherein the alkali concentration in the aqueous phase is from 1 to 
10% by weight. 
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